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Abstract
The film growths kinetic study developed on the Fe-Cr-Al alloy oxidation under ambient air has been studied due to its
tremendous uses in the automobile industry, specifically in catalytic exhaust. In this work, we report on its behavior as a function
of various parameters such as the temperature, the oxidation duration, elaboration mode or the substrate nature and geometry. It
has been shown that the growth, the morphology or the adherence of the formed layers are strongly affected by these parameters.
At high temperature (900- 1100 °C), the formed protective film for the materials studied in this work is primarily consisted of
alumina. Below these temperatures, several phases may coexist, namely, the γ phase and the θ phase. The extension of this alloy
application has led us to perform spectroscopic measurements of electrochemical impedance (SEI) in an aqueous environment 3
% (NaCl). These measurements have shown that sane coatings preserve excellent insulating properties and the corrosion risks are
related to defects in the layers while are formed.
© 2009 Elsevier B.V.
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1. Introduction
The rejections of polluting gases such as carbon dioxide, the Sox and the Nox in the atmosphere has developed
an interest of industrialists on the development of an alloys that resists to the exposure of the aggressive
atmospheres much better. The car industry characterized by its increasing and powerful engines represents the first
cause for this pollution. The catalytic pot is the best solution that has addressed to this problem of pollution due to
this rejection caused by the engines combustion gases. The material studied constitutes the support of the component
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catalyst (monolith). It is consisted of Fe-Cr-Al alloy which performance is based on the formation of a layer of
resistant alumina in high temperatures ranges. Indeed this material with the oxide coating formed and its physical
characteristics is intended for the replacement ceramic materials.
2. Experimental techniques
The studied samples are presented under the forms of plates with dimension of 15 x 10 x 2.5 (mm) and the
chemical ponderal composition is expressed as a percentage as represented on table 1.
Table 1. Chemical composition of alloy
Elements Fe Cr Al C Y Mn Zr
% Weight Ball 22.38 4.71 0. 025 0. 021 0.29 0.23
For the isothermal oxidation study, the measurement of the mass catch is carried out using an electronic
microbalance. In order to characterize the kinetic laws of growth of the oxide coatings which develop on alloy Fe-
Cr-Al we performed several tests of oxidation in isothermal condition and under ambient conditions. The treatments
have been realized in a temperature range of 600°C to 1100°C maintained over a time of 2 to 24 hours. For the
electrochemical measurements, we used a traditional assembly with three electrodes. The cell, containing a solution
at 3.0% NaCl is connected to a potentiostat of the type EG&G model 283 compounded with an frequency analyzer
model 1025, controlled by a microcomputer. Concerning the establishment of the diagrams of impedance, they were
carried out by means of Power Suite software with a frequency band ranging between 10-2 Hz and 10-5 Hz and a
disturbance in amplitude of 10 mV.
3. Results and discussion
The literature concerning the kinetics of oxidation of alloys Fe-Cr-Al is abundant [1-3]. The studies on this type
of alloy cover a broad range of processing time, that is from few minutes to tens of days, as well as a broad range of
temperature (of 600°C to 1100°C).
Most authors agree on the fact that for reasonable times the kinetics of oxidation of this type of alloy are
parabolic even tough other behaviors for very long time of oxidation could be observed [4, 5]. Within the framework
of this study, at a first stage, mechanical surface treatments followed by electrolytic polishing reveals a ferritic
structure in the absence of treatment the microscope as shown in the figure 1.Le spectrum of the X-ray of figure 2
confirms this structure.
Fig. 1. Structure of alloy not X230 oxide
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Fig. 2. Spectrum X-ray of a non-oxidized Fe-Cr-Al
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The kinetics of catch in mass per unit of area obtained by thermogravimetry in the range of temperature between
600 C to 950 °C gives a metastable oxide coating. The temperature 600° C, a phase  – Al2O3, whereas, a
temperature of 750 °C produces the phase -Al2O3, on the other hand the temperature of 1100 °C will transform
the metastable state of the phase  - Al2O3 which was produced at temperatures lower than 1000 °C into alumina
phase  (-Al2O3), stable phase [6,7]. The law followed during the oxidation of alloy Fe-Cr-Al in an interval of
temperatures varying between 600 °C and1100 °C and for duration periods going up to 24 hours is a parabolic law.
That corresponds to the construction of a layer of alumina -Al2O3 as shown on figures 3 and 4. Figure 3 and 4 show
respectively a representation of the kinetic curves of oxidation of the spectrum of diffraction of the X-ray.
The “observation with the MEB represented on figure 5 of the layer D” oxidizes formed on the surface of alloy
treated with 1100 °C during 24 hours with a cooling by free air shows the formation and the morphology of
precipitate oxide coating. The kinetic study shows that the metallurgical state can influence the first phase of the
oxidation of alloy as well as on the kinetic or morphological levels, where a parabolic law is followed. The growth
of the oxide coating is controlled by a diffusion process of oxygen through the formed oxide coating. The analysis of
precipitate forms during oxidation reveals an essential presence of oxygen iron and especially that of aluminum [8].
Fig. 3. Kinetic Curves of oxidation of Fe-Cr-Al
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Fig. 4. Spectra X-ray of Fe-Cr-Al oxidized with 1100°C during 24 hours.
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As a matter of fact, one of the important parameters of the resistance of these alloys Fe-Cr-Al to dry corrosion
consists of their initial aluminum tank. Aluminum, being used to form the layer of protective alumina, thus will be
exhausted in a way that when its percentage in alloy reaches a critical point, the formation of other oxides like
chromium or iron oxides less protective will involve what we call catastrophic oxidation.
In order to characterize the behavior of the oxide coating formed during oxidation, electrochemical measurements in
a solution a 3% NaCl has been made. Potentiodynamic curves with a cyclic sweeping in a field - 1.0V, +1.5 -
1.0V. The potentiodynamic curve of polarization is plotted at a scanning rate 1mV/S. The potential of rupture as
shown in the figure 6 is equal 329 mV; sweeping return indicates that the potential of corrosion of the system is less
noble, with positive hysteresis (unstable film).
Fig. 6. Cyclic potentiodynamic Curves in a 3% NaCl with a sweeping speed of 1mV/S.
The potential and the current of corrosion are respectively - 320 mV/ECS, and 5A/cm2. The speed of degradation
of material is 36 10-3 mm/year.
The electrochemical test of impedance is carried out on alloy having undergone a heat treatment and various times
of immersion 4 hours and 30 minutes, 24 hours and 30 hours. the technique of the impedances consists in applying
an a.c. disturbance in potential, about 10 mV, in the vicinity of the selected potential and to collect the response
while running in a broad frequency band. We have, for our part benched the diagrams of Nyquist around the
potential of balance [9].
The results obtained are represented on figure 7. They show semicircular answers, each one of them deviates from
the ideal interface because of the presence of heterogeneities present in the structure of oxide. It is also noticed that
the alloy treated with a time of immersion of 4 hours and 30 minutes presents a capacitive loop higher than that
Fig. 5. Morphology of precipitate layer, formed after 24 hours with 1100°C.
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obtained with times of immersion of 24 hours and 30 hours. As the time of immersion increases, the layer of
alumina  loses its properties of protection. It is severely attacked by the chlorinated solution.
The diagrams of electrochemical impedance to the turn of the potential of abandonment show that only one
capacitive loop is observed [10]. The control of the electrochemical kinetics is controlled by the transfer of Rt load.
In other words, the circuit equivalent which reproduces the diagrams of impedance accurately is that represented by
figure 8.
This diagram means that the resistance of the electrolyte Re, the resistance of Rt transfer parallel with the
capacity of double Cdc layer are characteristic of the substrate [11].
In addition values of resistance to polarization RP obtained in the case of oxidized alloy with 1100 °C and for
various times of immersions decreases continuously as shown in figure 9. Figure 9 shows that the oxide coating is
weakened, which confirms the results obtained with the digraphs of impedance.
Fig. 7. Nyquist diagram of oxidized alloy at various times of immersions.
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Fig. 8. Circuit is equivalent of the interface electrochemical
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4. Conclusions
Measurements of kinetics of mass catch carried out on alloys Fe-Cr-Al considered during this study; show that
they have an excellent behavior opposite to corrosion at high temperature with a parabolic type, their kinetics is
controlled by the diffusion which occurs in the formed layer at high temperature under oxidizing atmosphere.
Measurements of impedance show that the alloy arising with an oxide coating  Al2O3 at a good behaviour at wet
corrosion in chloride medium. However this can degrade itself with the duration to a chlorinated medium. The
control of the kinetics of electrochemical oxidation is controlled by a transfer of load.
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Fig. 9. Curve of resistance to polarization RP according to the time of immersion
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